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heath — seemed compelling. Ever
since Darwin, natural selection
operating on chance variation has
provided a naturalistic alternative,
making it unnecessary to invoke
conscious design to explain
adaptation. Indeed even ID-ists
accept Darwinian explanations for
adaptations they deem less than
irreducibly complex. So we
evolutionists need not take on the
impossible challenge of pinning
down every detail of flagellar
evolution. We need only show that
such a development, involving
processes and constituents not
unlike those we already know and
can agree upon, is feasible. The
specific scenario suggested by
Liu andOchman [2]— step-by-step
elaboration of a single-purpose
complex structure using only
duplication and divergence within
a single genomic lineage — is
especially onerous, and
coincidentally especially
vulnerable to misinterpretation by
those who need to see evolution
as purposive. Alternatives
involving LGT, cobbling together
parts with separate origins and
multiple other original functions
would take advantage of
combinatorial, mix-and-match
principles, and facilitate the
evolution of complexity. So if Liu
and Ochman [2] turn out to be
wrong about the extent of LGT,
this should be no cause for
ID-ists to rejoice.
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Determine Diversity
Death can begood, bad or indifferent for biodiversity. Newwork confirms
that predators can drive diversification of prey even in homogeneous
environments, but suggests that this effect is crucially dependent upon
the frequency and intensity of other mass-mortality events.
Michael A. Brockhurst
Ecology’s ‘Grim Reapers’ include
natural enemies such as predators
and parasites that selectively pick
off the weak and susceptible, and
disturbances such as volcanoes
and fires that have a rather less
selective ‘come one, come all’
policy of destruction. Both are
thought to have big consequences
for biodiversity. In new work,
Romain Gallet and colleagues [1]
inflicted these two sources of
mortality on unsuspecting
populations of the bacterium
Pseudomonas fluorescens to
investigate the intriguing effects of
death and destruction on diversity.
Over the past decade,
P. fluorescens has become the de
factomicrobial system for studying
the evolution of diversity.
Paul Rainey and Mike Travisano [2]
got the ball rolling by showing
that in a heterogeneous
environment — a static glass
tube of nutritious liquid
broth — P. fluorescens undergoes
an adaptive radiation into various
niche specialists. Smooth morphs
resembling the ancestor live
planktonically in the broth; wrinkly
spreaders form a matt that floats at
the top of the broth; and fuzzy
spreaders live at the bottom of the
broth (Figure 1). While competition
is the key factor driving selection,
it is the availability of multiple
ecological niches in a
heterogeneous environment that
causes selection to be divergent
leading to adaptive radiation [3].
By contrast, when the novel niches
are destroyed to create a
homogeneous environment by
shaking the tube, only the smooth
morphotype evolves.
Into this microbial world, Gallet
et al. [1] introduced an additional
trophic level: the bacterial predator
Bdellovibrio bacteriovorus. This
weird bug has a fascinating life
cycle, making a living by eating
other bacteria from the inside out
[4]. The original ‘ram-raider’,
B. bacteriovorus swims full-speed
at its prey, making an irreversible
join upon collision; it then makes
a small hole and wriggles inside.Once in, it sets about devouring its
prey with enzymes, growing into
a single long-thin-cell, which once
the food supply is exhausted splits
up to form several daughter cells.
Their final coup de graˆce is to
dissolve the cell wall of their prey,
leaving behind an empty husk
before speeding off towards their
next victim.
P. fluorescens populations
were grown with and without
B. bacteriovorus in a homogeneous
environment: constantly shaken
tubes containing nutritious broth.
As expected, in the absence of the
predator, no diversity evolved, and
only the smooth morph was
observed. In the presence of the
predator, however, diversity did
evolve and all three morphotypes
were sometimes observed. This
was surprising, as the ecological
niches in which the wrinkly
spreader and the fuzzy spreader
are normally found did not exist in
Gallet et al.’s shaken tubes [1]. It
turned out that each morph had
evolved as a different strategy
for dealing with predation. Fuzzy
spreaders were resistant to attack,
but paid for this investment in
defense with low competitive
ability. By contrast, smooths
were susceptible to attack butwere
compensated with high
competitive ability. Wrinkly
spreaders were susceptible to
attack but dodged the predator by
growing on the tube walls out of
Dispatch
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limiting and this strategy was
quite rare.
As if predation wasn’t enough,
there was another threat facing
P. fluorescens in Gallet’s
experiment. Every 2, 3 or 4 days
populations were exposed to
mass-mortality events where either
99% or 99.9% of the populations
were killed. Diversity in the
predated populations was greatly
affected by both the size and
frequency of these disturbance
events. Larger disturbances
tended to reduce diversity. This
was because such extreme
population bottlenecks caused the
loss of rare types that may have
prospered later in the experiment.
High frequency disturbances also
tended to reduce diversity, which
was highest under the every-4-
days regime. Gallet et al. [1] found
that the highly resistant fuzzy
spreaders dominated under
frequent disturbance, while
resistant fuzzies and susceptible
smooths were able to coexist when
disturbances were less frequent.
This result fits in with a classic
ecological theory: the ‘intermediate
disturbance hypothesis’. First
formulated by Joseph Connell [5],
it suggests that biodiversity should
be maximal at intermediate
frequencies of disturbance. This
can occur through a variety of
mechanisms, but all rely on
trade-offs between traits, such that
no one organism can be brilliant at
everything [6]. For instance,
fast-growing colonising weeds
dominate disturbed ground, while
slow-growing competitive trees
dominate undisturbed ground, but
the two might coexist somewhere
in-between. This is just the pattern
observed by Gallet et al. [1], where
two contrasting life-history
strategies, the resistant but
uncompetitive fuzzy and the
susceptible but competitive
smooth, can coexist when
disturbance frequency is
intermediate but not when it is
too high.
It is interesting to compare Gallet
et al.’s [1] findings with those of
a similar study by Andy Morgan
and Angus Buckling [7]. Here,
P. fluorescens was grown under
a range of disturbance frequencies
with and without a natural enemy,Figure 1. Adaptive radiation of Pseudomonas fluorescens.
The main picture shows the three morphological classes growing on an agar plate;
smooths are the small round colonies; fuzzies are the large diffuse colonies; wrinkly
spreaders are the colonies with irregular edges. The inset picture shows each morph
(from left to right: smooths, fuzzies and wrinklies) growing in their preferred niche in
an unshaken tube. (Photographs courtesy Paul Rainey and Bertus Beaumont.)in this case a parasitic virus. In
stark contrast to Gallet et al. [1],
Morgan and Buckling [7] found that
the natural enemy reduced prey
diversity, and that diversity peaked
at intermediate frequencies of
disturbance only in the natural
enemy’s absence. Why the
discrepancy? The key factor is that
while Gallet et al.’s [1] experiments
were carried out in a homogeneous
environment where P. fluorescens
would not normally diversify,
Morgan and Buckling’s [7] were
conducted in a heterogeneous
environment where all three
morphs would normally evolve.
Here, the parasitic virus reduced
bacterial densities, thus reducing
resource competition and
preventing adaptive radiation [8].
Crucially, when P. fluorescens and
the parasitic virus are grown in
a homogeneous environment, high
prey diversity evolves in the
presence but not in the absence of
the virus [9]. As in Gallet et al.’s [1]
study, this occurs because of the
evolution of multiple strategies of
anti-natural-enemy defense.
There is a simple, yet compelling
consensus emerging from these
and other studies of microbial
enemy–prey interactions. This is
that natural enemies tend to
increase prey diversity when it is
otherwise low in their absence, but
they tend to reduce prey diversitywhen it is otherwise high in their
absence. Thus, while natural
enemies can drive adaptive
radiations [1,9–11], they can also
prevent them by interfering with
other sources of divergent
selection such as competition for
resources [8,9]. Ultimately, many
more studies like those of Gallet
et al. [1] and Morgan and Buckling
[7] are required to fully understand
how natural enemies and other
ecological variables interact to
determine diversity in nature.
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271, 107–111.C. elegans Aging:
Both Ways
Recent reports from two laboratories
Caenorhabditis elegans have identifi
for ubiquitin-mediated proteolysis in
insulin/insulin-like growth factor sign
Bruce Bowerman
Over the past 20 years, pioneering
genetic studies in the roundworm
Caenorhabditis elegans have
established that aging is
genetically programmed [1–4].
This helps to explain how even
closely related animals can exhibit
remarkably different lifespans. For
example, one rodent, the rat,
sneaks around for only about 3
years, while squirrels can dash
about for 25.
The best understood longevity
regulator, conserved from
roundworms to mammals, is the
insulin/insulin-like growth factor
signaling (IIS) pathway (Figure 1)
[3,4]. The single IIS receptor in
C. elegans, called DAF-2, activates
downstream kinases that
phosphorylate and thereby oppose
the nuclear localization of DAF-16,
a FOXO transcription factor. Loss
of IIS reduces this phosphorylation
and DAF-16 transits to the nucleus,
where it activates some genes and
represses others to extend
lifespan. By contrast, loss of
DAF-16/FOXO decreases lifespan,
both in otherwise wild-type worms
and inmutants lacking IIS. Thus, IIS
limits lifespan by altering the
expression of genes that influence
longevity. However, additional
upstream inputs also influence
DAF-16 [5]. Recently published
studies from two groups now
show that ubiquitin-mediated
proteolysis accounts for at least
some of this additional input, and10. Brockhurst, M.A., Buckling, A., and
Rainey, P.B. (2005). The effect of
a bacteriophage on diversification of the
opportunistic bacterial pathogen,
Pseudomonas aeruginosa. Proc. Biol. Sci.
272, 1385–1391.
11. Meyer, J.R., and Kassen, R. (2007).
The effects of competition and
predation on diversification in a model
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432–435.Proteolysis Cuts
working on the nematode
ed both positive and negative roles
the regulation of longevity by the
aling pathway.
that proteolytic regulation can
both oppose and promote
longevity [6,7]. These studies
provide the first evidence that
ubiquitin-mediated proteolysis
influences lifespan, adding one
more target to the ever-growing list
of proteasome-regulated
processes.
The discovery that genetic
programs control lifespan in
C. elegans began in large part
with studies of dauer formation,
a developmental switch that
produces long-lived larvae to
endure tough times. To investigate
this resilient lifestyle, geneticists
identified large numbers of dauer
formation-defective and dauer
formation-constitutive (Daf-d and
Daf-c) mutants [8]. The mutated
genes were ordered into
a regulatory pathway and some,
including DAF-2, were found to
encode IIS pathway components
[3,4,8,9]. One property of many
dauer pathway genes is that even
null alleles are temperature
sensitive: indeed, dauer formation
is a temperature-sensitive process
that is favored at higher
temperatures.
While dauer larvae are
impressively long-lived, the DAF
connection to aging was not made
until 1993, when Cynthia Kenyon
and colleagues [2] raised daf-2
mutants at a lower permissive
temperature until they became
adults. They found that adult
daf-2(-) mutants proved to be
remarkably long-lived, while adultSchool of Biological Sciences,
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mutants were remarkably
short-lived. Thus, as in dauer
formation, IIS acts through
DAF-16/FOXO to limit lifespan.
However, the effects on lifespan
could be temporally uncoupled
from the requirements for dauer
formation. Subsequent to this
discovery, the contributions of IIS
and other inputs to aging in
C. elegans have been studied
extensively, and IIS has been
shown to influence longevity in
a variety of animals [4].
Now Li et al. [6] report that
DAF-16/FOXO is targeted for
degradation by poly-ubiquitination,
after using C. elegans to study
a murine E3 ubiquitin ligase
called Roquin that functions in
autoimmunity [10]. Using a
transposon-tagged allele of
rle-1, the C. elegans ortholog of
Roquin, Li et al. [6] found that
rle-1 mutants are long-lived, and
that this lifespan extension
requires DAF-16 (hence the gene
name, for regulation of longevity).
Disruption of rle-1 elevates
DAF-16/FOXO protein levels
and increases the transcription of
DAF-16 target genes that extend
lifespan. Furthermore, RLE-1
binds to DAF-16 and promotes
its polyubiquitination and
proteasome-dependent
degradation. Finally, the
transposon-tagged rle-1 allele
produces a truncated RLE-1
protein that fails to bind DAF-16
in vitro. These findings all suggest
that RLE-1 opposes longevity by
targeting DAF-16/FOXO for
degradation. Thus, proteolytic
regulation, in addition to
IIS-dependent phosphorylation,
limits lifespan by negatively
regulating DAF-16. Intriguingly,
the authors also showed that
rle-1(-); daf-16(-) double mutants
live longer than daf-16(-) single
